The augmented demand for medical devices devoted to tissue regeneration and possessing a controlled micro-architecture means there is a need for industrial scale-up in the production of hydrogels. A new 3D printing technique was applied to the automation of a freeze-gelation method for the preparation of chitosan scaffolds with controlled porosity. For this aim, a dedicated 3D printer was built in-house: a preliminary effort has been necessary to explore the printing parameter space to optimize the printing results in terms of geometry, tolerances and mechanical properties of the product. Analysed parameters included viscosity of the starting chitosan solution, which was measured with a Brookfield viscometer, and temperature of deposition, which was determined by filming the process with a cryocooled sensor thermal camera. Optimized parameters were applied to the production of scaffolds from solutions of chitosan alone or with the addition of raffinose as a viscosity modifier. Resulting hydrogels were characterized in terms of morphology and porosity. In vitro cell culture studies comparing 3D printed scaffolds with their homologous produced by solution casting evidenced an improvement in biocompatibility deriving from the production technique as well as from the solid state modification of chitosan stemming from the addition of the viscosity modifier.
Introduction
The general aging of the population and the increase in the prevalence of chronic diseases, injuries and traumas lead to an augmented demand for drugs and biological substitutes that could restore, maintain or improve tissue function [1] . The main target of tissue engineering is the identification and application of adequate materials for the design and production of supportive structures, generally defined as scaffolds, that possess desirable properties for promoting cell adhesion, proliferation and differentiation [2] . The performances of such scaffolds depend both on the characteristics of their components and on their structural architecture [3] . Polymers, natural or synthetic, offer a bunch of choices to tissue engineers: the ideal material is biocompatibile, biodegradable and does not elicit a foreign body reaction [4] . Moreover, it is endowed with mechanical properties and physical characteristics suitable for mimicking the tissue to be repaired [4] . Among natural polymers, those that can give rise to hydrogels possess the most interesting features, thanks to their resemblance to extracellular matrix and, in general, for their better cytocompatibility [5] . Chitosan (CH) is a β-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine natural polysaccharide derived from the alkaline N-deacetylation of chitin [6] . It possesses a good combination of biocompatibility and biodegradability, it is non-toxic, not expensive, and it can be moulded into different shapes, thus making it suitable for many applications [7] .
Scaffolds produced with chitosan in association with other components have found different
